Changes in the expression of estrogen-related substances in monkeys' brains at the menopausal transition, when estrogen deficit starts to occur, have not yet been examined thoroughly. In the present study, we immunohistochemically investigated the expression levels of estrogen receptor beta (ER␤) and aromatase (local estrogen synthesizing enzyme) in the hippocampal formation of premenopausal, menopausal, and ovariectomized premenopausal monkeys. In all monkeys tested, ER␤ immunoreactivity was observed in interneurons located in the subiculum and the Ammon's horn, and most of these ER␤-immunoreactive neurons coexpressed a GABAergic neuron marker, parvalbumin. In the menopausal monkeys who exhibited a decline in estrogen concentration, hippocampal ER␤ was highly upregulated, while aromatase expression was not markedly changed. By contrast, aromatase in the ovariectomized monkeys was significantly upregulated, while ER␤ expression was not changed. In the brains of ovariectomized and menopausal monkeys, depletion of ovary-derived estrogen brought about different reactions which may be attributed to the senescence of brain aging.
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Introduction
Estrogen homeostatically keeps exerting influences on the brain, as well as on peripheral organs, at regular cycles over almost half of women's life until menopause. A relationship between estrogen and cognitive functions has been clinically documented indicating that menopausal women are at a higher risk of developing Alzheimer's disease (AD) and depression (Launer et al., 1999; Weissman et al., 1993) although there remains some controversy over the sex difference (Hebert et al., 2001) . The aged hippocampus is particularly vulnerable to age-related neurodegenerative disorders presenting as atrophy (De Leon et al., 1997) , increased levels of neurofilament protein (Vickers et al., 1994) , senile plaques and neurofibrillary tangles (Hof, 1997; Rapp et al., 2006) , and synapse loss (West et al., 1994) . The neural circuits between the hippocampus and the neocortex are highly degenerated in AD patients whose episodic memory is often affected even at an early stage * Corresponding author. Tel.: +81 568 63 0573; fax: +81 568 63 0416.
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of AD (Morrison and Hof, 1997) . Studies of aged monkeys have demonstrated that age-related cognitive impairment reflects the vulnerability of these circuits and that the synaptic alterations occurring in pyramidal cells can be restored by estrogen administration (Hof, 1997) . Although the estrogen replacement therapy (ERT) for menopausal women is expected to have protective effects on the prefrontal cortex and the hippocampus to protect against AD-related cognitive declines (Gibbs and Aggarwal, 1998) , there is thought to be a critical window for the initiation of ERT (Henderson et al., 2003) . The menopausal transition, a limited period following the loss of ovary function, is considered to be highly susceptible to hormone treatment (Gibbs and Gabor, 2003) . Macaques, including Japanese monkeys and rhesus monkeys, enter menopause at around 25 years old, and have a postreproductive life span of 5 or more years (Pavelka and Fedigan, 1999; Walker, 1995) . Aged monkey can be an appropriate model in terms of sharing similar endocrinological and histological senescence of the ovary with humans (Gilardi et al., 1997; Nichols et al., 2005; Nozaki et al., 1995) .
In broad areas of the brain, estradiol binds almost equally to two different subtypes of estrogen receptors, ER␣ and ER␤ (Kuiper et al., 1997) . Previous studies have demonstrated that ER␤ mRNA
